Abstract. Susceptible day-neutral strawberry (Fragaria ·ananassa Duch.) cultivars are readily infected by Colletotrichum acutatum J.H. Simmonds during nursery propagation. The fungus infects strawberry flowers and fruit under warm, moist conditions and spreads rapidly throughout the nursery planting during repeated cycles of infection. Plants transplanted from infected nurseries into fruit-production fields have increased plant mortality and yield loss. This paper reviews practices adopted by California strawberry nurseries that reduce or eliminate sources of fungal inoculum, reduce strawberry plant susceptibility, or reduce pathogen spread in the nursery. California nurseries are currently using a combination of these practices to produce specific pathogen-free planting stock of susceptible day-neutral cultivars.
Day-neutral cultivars of the cultivated strawberry are very important in California's commercial strawberry industry. Since the introduction of the first successful day-neutral cultivar Selva in 1983, the cultivated area of day-neutral cultivars has grown rapidly in both the Watsonville/Salinas district and the Santa Maria district along the coast of California, replacing and expanding upon the summer-planted production acreage of shortday cultivars. Plants of these day-neutral cultivars are produced in high-elevation nurseries in northern California and southern Oregon and are transplanted as fresh-dug plants into the fields in late autumn. In the Watsonville/Salinas district, the state's largest commercial production area, the dayneutral cultivars Albion and Diamante now account for nearly 50% of the surface area or 2500 ha (CSC, 2006) . In addition, production in the Santa Maria district from fresh-dug plants of these day-neutral cultivars is 500 ha (CSC, 2006) . The major reason for the increase in production area of day-neutral cultivars is the extension of the flower-initiation period of day-neutral genotypes relative to short-day genotypes. This extension of flower initiation results in greater season production (Bringhurst et al., 1989) , reduces peak volumes as a percentage of total fresh shipments, and extends the fresh market season later in the year, each of which contributes to higher overall returns to the producers (Sjulin, 2003) .
A more recent application of day-neutral cultivars, using both public and proprietary cultivars, is midsummer planting of coldstored plants along the southern California coast in both the Santa Maria and Oxnard districts. These plants are primarily produced in low-elevation nurseries located in the Central Valley of California. The production in this application is relatively low yielding but is timed to higher-average pricing periods from mid-September through mid-December. The average returns to the producers have been high, and they have been reinvested into rapid growth of the cultivated area since the system's introduction in the early 1990s. The area cultivated in this system now exceeds 2000 ha (CSC, 2006) .
Significant amounts of strawberry dayneutral plants are supplied to producers from various nurseries. About 150 million freshdug plants of day-neutral cultivars are needed annually to supply the 3000 total ha in the Watsonville/Salinas and Santa Maria districts, assuming an average plant density of 50,000 plants/ha. An additional 130 million plants of cold-stored plants of day-neutral cultivars are needed annually for the 2000 ha planted at a higher average density (65,000 plants/ha) in the summer along the southern California coast. Some California strawberry nurseries also produce additional plants for foundation nursery stock and provide coldstored plants to nurseries and producers in other areas of North America and abroad.
Anthracnose crown and fruit rot, incited by Colletotrichum species, is a serious disease of strawberries and many other crops worldwide (Peres et al., 2005) . Strawberry nurseries in the western United States that supply the California fruit production industry are particularly concerned with C. acutatum J.H. Simmonds, which can be introduced into fruiting fields by infected planting stock (Eastburn and Gubler, 1990) . Plants sold either domestically or abroad should be free of detectable levels of infection by pathogens such as C. acutatum, and new sensitive diagnostic techniques (Parikka and Lemmetty, 2004) will require even higher levels of disease control in the nursery fields.
The defining characteristic of a day-neutral cultivar is the ability to produce flowers following lengthy cold storage on the mother plant and daughter plants, even under the relatively warm conditions of California's Central Valley (Bringhurst et al., 1989) . This flowering response is the principle reason why Colletotrichum-susceptible day-neutral cultivars are much more problematic in the nursery than comparable susceptible shortday cultivars. The presence of readily infected flower and fruit tissue, combined with the warm, wet conditions typical of strawberry nursery production, create an ideal situation for a disastrous infection by Colletotrichum fungi. Measures will be discussed that reduce the likelihood that such an infection will occur. These measures are elimination of potential sources of inoculum of the pathogen, cultural practices that reduce the susceptibility of the host plant to infection, and chemical and biological control agents.
ELIMINATION OF PATHOGEN INOCULUM
The first step in reducing the likelihood of infection by Colletotrichum spp. is soil disinfestation. Elimination of the pathogen from the soil is essential, as C. acutatum survives in fallow soils, particularly in infected fruit tissue, for up to 9 months (Eastburn and Gubler, 1992; Eastburn and Gubler, 1990; Freeman et al., 2002; Gubler and Eastburn, 1988; Wilson et al., 1992) . Conidia survive longer in cool, dry soils and in soils previously sterilized (Eastburn, 1992; Freeman et al., 2002) . Soil fumigation with methyl bromide/chloropicrin mixtures is an effective treatment to eradicate overwintering inoculum, and soil sterilization has also been an effective treatment in warm environments (Freeman et al., 2002) .
Consideration must also be given to the separation distance between new plantings and previously infested fields as well as separation from other host crops. Soil fumigation treatments or solarization treatments must extend far enough beyond the edge of new plantings to prevent spread of inoculum from previously infested areas (Freeman et al., 2002) . Colletotrichum acutatum conidia are spread by water droplets, dispersal is influenced by wind direction, and dispersal is greater in bare soil than in soil covered with organic mulches (Yang et al., 1990) .
Colletotrichum acutatum has a wide host range (Freeman et al., 2001; Peres et al., 2005) , and nursery plantings must be kept isolated from other hosts that may serve as sources of inoculum. Of special concern to the California strawberry nursery industry are reported outbreaks of C. acutatum on almonds (Adaskaveg and Hartin, 1997) and highbush blueberry (Yoshida and Tsukiboshi, 2002) , both of which are important crops in the Central Valley region. Although isolates from these two crops were assigned to the same genetic group as some strawberry isolates by Sreenivasaprasad and Talhinas (2005) , Peres et al. (2005) did not feel that genetic groups were indicative of host specificity. Isolates from strawberry were not pathogenic on most other crops except cultivated anemone (Anemone coronaria L.) [as cited in Freeman et al. (2001) ], and there is little evidence to date of naturally occurring cross-infection from other crops except anemone (Denoyes-Rothan et al., 2003; Forster and Adaskaveg, 1999; Freeman et al., 2001; Peres et al., 2005) .
Weed plants near strawberry nurseries may serve as inoculum reservoirs (Freeman et al., 2001 ). Both C. acutatum and C. fragariae Brooks are reported to survive on several weed species including C. acutatum on Conyza sp. and Vicia sp. (Freeman et al., 2001 ) and C. fragariae on Senna (Cassia) obtusifolia (L.) Irwin & Barnaby (Howard and Albregts, 1973 Planting stock must also be free of pathogen inoculum. Specific pathogen-free tissue cultured plants have been successfully used as planting stock in Louisiana strawberry nurseries when grown in isolation from other nurseries infected with C. fragariae (McInnes et al., 1992) . However, the relatively high cost of tissue culture for production of specific pathogen-free planting stock limits its use. An alternative approach is to eliminate Colletotrichum spp. from planting stock by hot water therapy (see below).
Hot water therapy has long been used for elimination of pest and disease problems in dormant stock of strawberry, including cyclamen mites (Phytonemus pallidus ssp. fragariae Zimmerman) and endoparasitic nematodes (Goheen and McGrew, 1954; Goheen et al., 1956; Smith and Goldsmith, 1936) . More recently, hot water therapy has been applied to commercial nursery stock for control of C. acutatum (see Strand, 1994 for details on immersion temperature and time). Hot water treatments results in nearly complete eradication of C. acutatum, and the level of control exceeds that of registered chemical-dip treatments or other alternative therapies (personal observation). Combined with other disease-management practices, hot water treatment is an important tool for production of strawberry plants of Colletotrichum-susceptible cultivars and is commonly applied today in California strawberry nurseries.
CULTURAL PRACTICES THAT REDUCE HOST PLANT SUSCEPTIBILITY
Several cultural practices can reduce the likelihood of infection by C. acutatum. One important practice is frequent removal of blossom clusters as they emerge on both mother and daughter plants. Nursery workers typically remove blossoms clusters by hand while riding in a prone position on specially constructed equipment. Open blossoms and ripening fruit are highly susceptible to infection by C. acutatum, and large amounts of inoculum can quickly develop on these infected tissues, leading to secondary infection of crown tissue.
Another important cultural practice is to reduce standing water in the nursery fields. Overhead sprinkler irrigation is a standard practice in California strawberry nurseries, and disease outbreaks often occur first among plants in low, poorly drained areas of the field or around leaking sprinkler risers. A common practice in California nurseries is to grow susceptible day-neutral varieties on raised beds to improve drainage. Many nursery fields are also irrigated with leak-proof sprinkler pipes that have control valves at each nozzle to prevent leakage of water from sprinkler risers after irrigation sets.
Fertilizers can also affect the susceptibility of strawberry plants to Colletotrichum spp. Smith (1987) found that strawberry plants were more susceptible to C. fragariae when ammonium forms of nitrogen were used. A subsequent study found that some forms of calcium fertilizers reduced the incidence of C. acutatum fruit infection in greenhouse-grown strawberries . Limiting nitrogen applications late in the growing season is a recommended strategy to reduce susceptibility of host tissue , and most California strawberry nurseries follow this practice; however, this may lead to latent infections (Horowitz et al., 2006) .
CHEMICAL AND BIOLOGICAL CONTROL MEASURES
Until recently, no effective chemical control measures have been available for use in U.S. strawberry nurseries. Strobilurin fungicides (pyraclostrobin and azoxystrobin) are now available, as is an additional product that is a combination of strobilurin and carboxyanilide chemistry (active ingredients are pyraclostrobin and boscalid). Yet another product, a combination of anilinopyrimidine and phenylpyrrole chemistries (active ingredients are cyprodinil and fludioxonil), is registered for control of Botrytis cinerea Pers. ex. Fr. on strawberries, but it also shows activity against Colletotrichum spp. The effectiveness of these products for control of Colletotrichum spp. outbreaks in strawberry nurseries is not yet known, but the postinfection activity of pyraclostrobin appears to be much better than the standard captan fungicide (Turechek et al., 2006) . All of these new products must be used carefully and in rotation with different chemistries to avoid development of resistant strains.
The prospects for biological control of C. acutatum have also improved recently. Freeman et al., (2004) reported that some Trichoderma isolates were quite effective in reducing plant mortality incited by C. acutatum in large-scale experiments. One of these isolates was a commercially available isolate, and the others were isolated from Israeli strawberry fields. PCR technology was also applied to monitor the survival of individual isolates following applications of multiple Trichoderma strains, a technique that should accelerate development of effective combinations of biocontrol organisms.
FUTURE PROSPECTS
The long-term strategy for control of C. acutatum in day-neutral strawberries must include development of resistant cultivars. Sources of resistance to Colletotrichum spp. fruit and crown infection (Denoyes-Rothan et al., 1999; Galletta et al., 1993; have been identified in short-day genotypes, and both public and private breeding programs are using these sources. However, no day-neutral cultivars have been developed to date that combine Colletotrichum resistance with acceptable levels of horticultural traits. Until the release of resistant cultivars, effective control of C. acutatum in strawberry nurseries will require an integrated approach that includes elimination of inoculum sources, reduction of host susceptibility, and either chemical or biological control.
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